Objective The initiation of cardiopulmonary resuscitation (CPR) can be complicated by the use of protective equipment in contact sports, and the rate of success in resuscitating the patient depends on the time from incident to start of CPR. The aim of our study was to see if (1) previous training, (2) the presence of audiovisual feedback and (3) the presence of football shoulder pads (FSP) affected the quality of chest compressions.
INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) is a global health concern and has grasped a lot of attention in the USA as 326 200 people experience cardiac arrest per year. 1 In Asian countries, OHCA has become an increasingly major cause of death. 2 Public access to defibrillation through the use of automated external defibrillators (AEDs) has increased the survival likelihood. [2] [3] [4] The 2015 American Heart Association (AHA) guidelines highlighted the first line of the OHCA Chain of Survival as recognition of the
What are the new finding?
" The use of a feedback device was significantly effective, especially in the basic life support certified athletic training students group. " Medically trained personnel are able to deliver the similar quality of CPR over the football shoulder pads for the first 2 min as suggested by the 2015 American Heart Association guidelines.
How might it impact on clinical practice in the near future?
" The use of a feedback device during chest compression-only CPR resulted in delivering a higher quality of CPR suggesting feedback devices must be introduced into athletic training settings. " In case of a manpower shortage, athletic trainers should immediately initiate chest compressions over the football shoulder pads at least for the first 2 min until bystanders and automated external defibrillators are ready. cardiopulmonary arrest (CPA) by bystanders. 5 Although advanced life support (ALS) interventions are commonly believed to increase OHCA survival, high-quality bystander CPR is still a major component for improved survival rate.
1 High-quality CPR is described as follows: rate between 100 and 120 compressions per min (cpm), compression depth between 5 and 6 cm, allowing complete chest recoil after each compression, minimised interruptions in chest compressions and avoiding excessive ventilation. 5 Optimal chest compression depth has not yet been determined. 6 7 Chest compressions with depth of 40 mm or less resulted in lower survival rates than depth of over 50 mm. 8 9 The highest survival rate was found when the CPR providers gave 45.6 mm chest compressions. 10 No significant difference was found in the range of compression depth between 40-53 mm manually and 50-60 mm mechanically through LUCAS-2 manufactured by Physio Control (Redmond, Washington, USA). 11 The compressions greater than 6 cm likely resulted in iatrogenic injuries. 12 Increasing the chest compression depth with increased body mass index was suggested to maintain the persistent ratio of anteroposterior chest diameter to the compression depth. 13 Even though the optimal chest compression depth has not been determined, performing highquality CPR is important to save a life. 10 The use of feedback device is important to deliver high-quality CPR as improved CPR performance was seen with the use of the real-time visual and/or audible feedback. 9 14-17 The effectiveness of three different CPR devices was compared and only one device significantly increased the effectiveness of compressions. 18 According to a study that compared the effectiveness of the depth and rate of CPR with and without laypersons using a feedback device for 3 min of chest compressions, the proportion of the depth was increased to 82% with feedback from 33% without feedback and the proportion of the rate was increased to 90% with feedback from 43% without feedback. 19 Another study reported that feedback use significantly increased the compression quality during 2 min of chest compressions: 45.2% without feedback and 62.4% with feedback for depth, 73.1% without feedback and 94.6% with feedback for rate. 20 At a sporting event, athletic trainers are trained as first responders and therefore responsible for initiating CPR. 21 The lives of athletes depend on athletic trainers because the first 10 min following cardiac arrest is crucial. The survival chances decreased by 7%-10% every minute in a case where CPR and defibrillation were not administered. 22 Cardiopulmonary resuscitation performance is complicated, however, in equipment intensive sports such as American football. Quality of CPR with football shoulder pads (FSP) on and off were studied. 21 23 Better CPR performance without FSP was reported. 23 More adequate chest compression when the FSP were worn and the average time for removing the FSP to be 24.4 s were reported, but the researchers indicated lack of full chest recoil that would intern decrease blood flow. 21 In cases of cardiac arrests during American football games, athletic trainers must expose the chest of the athlete in order to attach the AED pads by cutting the laces of the FSP. 21 However, 70% of public secondary schools have medical coverage in the USA and 30% of them does not have any coverage during both games and practices, and multiple athletic trainers are employed at some schools. 24 Removing FSP under the cardiac arrest situation by only one athletic trainer would be challenging.
The previous studies only focus on CPR performance of either emergency medical service (EMS) personnel or athletic trainers. The use of the feedback device improved the CPR performance in most of the studies. 9 14-17 Contrasting outcomes were seen in two studies of CPR performance with and without FSP. 21 23 Current practice for initiating CPR when an athlete is wearing FSP is situation dependent. The effectiveness of training with or without FSP may affect CPR quality.
The purpose of our study was to see if (1) previous training, (2) the presence of audiovisual feedback and (3) the presence of FSP affected the compression depth and rate. The hypotheses of the study were that no difference in CPR quality between all groups would be found, that CPR quality would be significantly increase with the use of the feedback device and that all individuals would be able to perform the recommended depth of compressions accurately. The performing of highquality CPR by a single rescuer for a long period is not be easy because the quality of the chest compressions decreases as the rescuer's fatigues level increases. 7 The use of audiovisual feedback devices therefore may increase CPR proficiency by helping to achieve compression depth for the required time.
METHOD Measurements
Dependent variables included chest compression depth (cm), rate (cpm), depth accuracy (%) and rate accuracy (%). Two AED Pro manufactured by ZOLL (Chelmsford, Massachusetts, USA) were used for the data collection of the chest compressions, and Real CPR Help is a software that gives real-time audiovisual feedback. One AED Pro was installed with Real CPR Help and used for a condition with feedback. The target zone for feedback was set according to the 2015 AHA guidelines. For the condition without feedback, the other AED Pro was used without Real CPR Help. A sensor was also included; CPR Statpadz uses accelerometer technology with sensors inside the CPR electrodes that measure the depth and rate of every compression. The captured data were analysed with RescueNet Code Review software. Depth was calculated as the depth of each compression divided by the number of compressions per second. Rate was calculated as the rate of each compression divided by the number of compressions per second. The number of performed compressions within the target zone of depth of between 5 and 6 cm divided by the total number of compressions was equal to the depth accuracy. Rate accuracy was calculated as the number of performed compressions within the target zone of a rate between 100 and 120 cm divided by the total number of compressions. A quasi-experimental repeated measures design was used for this study. Participants performed chest compressions on four different conditions, including the baseline measurements in the lab setting. In our study, a 1 min break was taken between each condition and the participant's fatigue level was not measured.
Participants
The Institutional Review Board at Springfield College approved the initiation of the study as of 1 February 2016. A total of 18 people participated in the study and were divided into three groups as follows: The inclusion criteria for all groups were a valid BLS-healthcare provider cardholder and no upper extremity injury in the past 6 months. For the BLS-EMS group, EMS personnel who had become emergency medical technicians within the past 3 years were recruited. For the ACLS-EMS group, EMS personnel who had received an ACLS provider credential within the past 3 years were recruited. Any ATS who had any EMS background or ACLS certification were excluded. A power analysis was not completed to assess the number of participants needed per group. The independent variables were the three certification groups: BLS-ATS, BLS-EMS and ACLS-EMS.
Instrumentation
A Little Anne CPR manikin manufactured by Laerdal (Stavanger, Norway) was used in the study. The FSP were fitted according to the manufacturer's guidelines (figure 1). Data collection on chest compressions was measured with the use of AED Pro. The audiovisual feedback system, Real CPR Help, was installed. The CPR Stat-padz was placed as the 2015 AHA guidelines recommended. A compressing depth of 5-6 cm and rate at 100-120 cpm are defined in the 2015 AHA guidelines, whereas a compressing depth over 5 cm and rate of over 100 cpm are defined in the 2010 AHA guidelines. Real CPR Help gave feedback both visually and audibly. Due to the timing of the start date of the data collection, audio feedback did not followed the 2015 AHA guidelines. For the depth measurement, Real CPR Help gave 5-6 cm of visual feedback as suggested by the 2015 AHA guidelines, but audio feedback followed the 2010 AHA guidelines. For the rate, the metronome beep was only set at 100 cpm. Real CPR Help gives audio feedback, such as 'push harder', 'good compressions' and 'continue CPR.' Procedures A quasi-experimental repeated measures design was used to examine how the quality of CPR performance by trained medical personnel changes when chest compressions were performed with the following conditions: audiovisual feedback and FSP. Participants were eligible to take part in the study after completing informed consent and a demographic form. After completing the demographic form, the participants visually and verbally reviewed the recommendations of current 2015 AHA guidelines.
A total of four conditions were performed. Chest compression-only CPR was performed for 2 min for each condition in the study, with 1 min of rest. Participants were asked to perform chest compressions under three different conditions after the baseline measurements. To complete baseline measurements, the participants started 2 min of chest compressions without audiovisual feedback and FSP. The three conditions are as follows:
1. Two minutes of chest compression-only CPR with audiovisual feedback 2. Two minutes of chest compression-only CPR with FSP Figure 2 The depth and rate measurements of total of 18 participants on four different conditions. Baseline measurement was as the control measurement and multiple comparison was conducted. p Value was corrected according to the Dunnett method. * p=0.002, n.s., not significant.
3. Two minutes of chest compression-only CPR with both FSP and feedback (FSP+feedback)
All participants began the study with the baseline condition and achieved through the specific order of implementation. Three participants from each group performed chest compression at baseline first, followed by compression with feedback, with FSP and with FSP +feedback. The other three participants from each group performed at baseline first, followed by compression with FSP, with FSP+feedback and with feedback.
Statistical analysis
For the baseline, descriptive statistics were calculated for all demographic and dependent variables. The Kruskal-Wallis test was used for continuous variables while multiple-way analysis of variance was used for the analysis of depth and rate accuracy. The Wilcoxon test was used to evaluate how the independent variables affect the dependent variables. In figure 2 , multiple comparisons were conducted and the Dunnett Method was used to correct p values. The level of significance for decision making was set at a=0.05. Data were analysed by JMP V. 11.2.0 (the SAS Institute).
RESULTS

Baseline characteristics of participants
Eighteen participants, 10 male and eight female, were recruited (male: 55.6%; table 1). One participant from the BLS-ATS group, one participant from the BLS-EMS group and four participants from the ACLS-EMS group had experience with CPR in the field. The ACLS-EMS group had a higher percentage of CPR experience (CPR experience: 66.7%; table 1). The background characteristics of the participants in the three groups and their baseline CPR performance are shown in table 1.
Depth measurements
The median depth measures of all participants were as follows: 5.7 cm at baseline, 5.0 cm on FSP, 5.9 cm on feedback and 5.1 cm on FSP+feedback, respectively (figure 2). The median depth accuracies were as follows: 13.8% on baseline, 23.0% on FSP, 69.6% on feedback and 40.6% on FSP+feedback, respectively (figure 2). There were no interactions in the performance quality of depth accuracy between the groups and the use of the feedback device, between groups and the use of FSP and between the use of the feedback device and the use of FSP (table 2) .
Groups
Both the BLS-ATS and BLS-EMS groups compressed to the depth as suggested by the 2015 AHA guidelines, and the median values were similar (table 1). As the effectiveness of feedback was shown by groups, the BLS-ATS group significantly increased depth accuracy to 71.3 (35.4-86.5)% from 22.0 (7.3-36.2)% (p=0.002; table 3). The ability to deliver accuracy in the depth of chest compressions between the three groups was not statistically different regardless of interventions (table 2) .
FSP and feedback FSP do not affect depth measurements, but the feedback device affects depth accuracy (table 2) . With the use of FSP, the compression depth was significantly shallower than baseline, as all participants performed 5.7 (4.7-6.4) cm at baseline and 5.0 (4.2-5.8) cm with FSP (p=0.104; figure 2 ). The depth accuracies were as follows: 13.8 (0.9-49.2)% at baseline and 23.0 (2.3-50.7)% with FSP (p=0.991; figure 2). The FSP did not significantly alter the quality of the depth of the chest compression measurements. As shown in figure 2 , the depth accuracies were as follows: 13.8 (0.9-49.2)% at baseline and 69.6 (32.3-85.8)% with feedback (p=0.002). The use of feedback significantly affects the quality of the chest compression depth.
Rate measurements
The median rate measures of all participants were as follows: 117 cpm at baseline, 113 cpm with FSP, 106 cpm with feedback and 105 cpm with FSP+feedback (figure 2). The median rate accuracies were as follows: 17.1% at baseline, 60.4% with FSP, 59.2% with feedback and 57.7% with FSP+feedback, respectively (figure 2). There were no interactions in the performance quality of rate accuracy between the groups and the use of the feedback device, between the groups and the use of FSP and between the use of the feedback device and the use of FSP (table 2) .
Groups
No statistically significant difference was found between the groups (table 2) . The ACLS-EMS group compressed at 138 cpm at baseline, which was faster than the 2015 AHA guidelines recommend (table 1) . The BLS-ATS and BLS-EMS groups compressed within the desired rate regardless of audiovisual feedback.
FSP and feedback
The compression rate measurement was not affected by both FSP and feedback (table 2) 
DISCUSSIONS
In the study, chest compression depth, rate and accuracies were measured in 18 different participants from the BLS-ATS, BLS-EMS and ACLS-EMS groups. CPR quality and compression depth were not different between all groups (table 2). No significant difference in CPR performance was found between first responders and EMS personnel groups. Medically trained personnel were able to perform an appropriate chest compression rate and depth accuracies regardless of the conditions (table 2) . With the use of feedback, all participants performed high-quality chest compression depth regardless of the presence of FSP. Feedback affected to chest compression depth accuracy among the groups (p=0.0003; table 2). Through the findings, we found that the use of feedback device was proficient for performing the recommended depth (figure 2). As shown in figure 2 , we found the use of the feedback device significantly increased depth accuracy by 55.8% as all participants performed at 13.8 (0.9-49.2)% under the baseline condition and 69.6 (32.3-85.8)% under the feedback condition (p=0.002; figure 2 ). In our study, the rate accuracy was increased by 42.1% from 17.1 (0-80.7)% to 59.2 (17.3-74.3)% (p=0.50), where the former study reported that the average quality of compressions increased from 24% to 53%. 14 In previous studies, researchers have stated the importance of using a feedback device, and recommended its use based on the supported effectiveness of the feedback device. 9 14-17 Throughout 2 min of chest compression-only CPR, a higher percentage of depth and rate accuracy was seen as participants were instructed to follow the 2015 AHA guidelines. No statistical differences between groups were found in any measurement. A recent study investigated 8 min of chest compression-only CPR.
Maintaining high-quality CPR is the best that rescuers can do because rescuers experience increasing fatigue, resulting in the increased difficulty in meeting the 2010 AHA guidelines. 7 In one study, the mean compression depth declined over 8 min, while the mean compression rate was consistently maintained. 7 Another recent study compared the effectiveness of compressions between continuous chest compressions and standard CPR, and reported that the force of compressions was affected by fatigue; adequate compressions were delivered through continuous chest compressions rather than standard CPR during a 9 min period. 25 A previous study found that a standard CPR group performed a higher rate of adequate chest compressions after 2 min and a higher number of adequate chest compressions over 8 min when compared with compression-only CPR. 26 However, regardless of the continuous chest compression rate, subjects performed 103 to 108 cpm over 9 min. 25 In our study, a 1 min break was taken between each condition and a fatigue level was not manifested. Similar to our study, performing CPR on FSP resulted in a shallower chest compression depth (figure 2). 23 Due to the fact that the chest compression with FSP was greater than 5.0 cm of depth, initiating chest compression over FSP could be effective in case of the complication of chest exposure. In order to remove FSP, 24.4 s was taken. 21 The ideal on-field procedure is to expose the chest and apply AED as soon as possible, but medically trained personnel are still able to deliver the similar quality of CPR for the first 2 min as suggested by the 2015 AHA guidelines. As shown by comparing the groups in table 3, the use of a feedback device was significantly effective, especially in the BLS-ATS group. More frequent CPR training is recommended and real-time feedback devices must be placed with AEDs in the field of athletic training. The BLS-ATS groups are first responders, but they will face cardiac arrest situations only rarely. Athletic trainers, however, face a higher possibility of responding to cardiac arrest though still not very often this the use of a feedback device is critical for performing high-quality CPR and increasing the survival rate. We also suggest practising CPR on the FSP for 2 min at the longest and practising removing the anterior portion or cutting the laces of FSP during ongoing chest compressions as medically trained personnel were able to perform high-quality CPR with the presence of FSP at least for the first 2 min. Practising these skills in single rescuer situations is important. Not all public secondary schools have multiple athletic trainers as medical coverage during games and practices 24 and treatment is situation dependent during cardiac arrest. In the first 2 min immediately after collapsing, we emphasise the importance of initiating chest compressions on the FSP without hesitating when there are complications with removing protective equipment. If an athletic trainer is able to seek the help of others, initiating chest compressions over the FSP for even the first 1 min or 30 s should be considered while others such as coaches, umpires and players prepare to help and all necessary tools are made available. For single rescuer situations during American football, we suggest the following protocol: (1) verify the scene safety and approach the collapsed athlete; (2) check the level of consciousness; (3) call for the help, activate EMS and ask to grab AED from sideline; (4) look for no breathing or no chest movement and check pulse; (5) initiate chest compression over the FSP until others get ready to help; (6) ask others to cut uniform and remove side strap of shoulder pads during ongoing chest compression; (7) remove hands from the chest and cut the anterior portion of shoulder pads with minimising chest fraction time; (8) resume chest compression within 10 s; (9) apply AED during ongoing chest compression.
The numbers of each group were limited due to the small size of the studied groups. The study was limited to the measurement of recoil. The actual high-quality CPR defined by AHA was depth, rate and recoil. AED Plus and Real CPR Help were not able to measure recoil, so the actual high-quality CPR was not able to be measured from this study. Also, audio feedback was limited to 'push harder' when the depth was lower than 5 cm and no audio feedback was given when the depth went beyond 6 cm. On the AED device, depth accuracy would automatically be calculated at 0% when participants compressed below 5.0 cm or above 6.0 cm. One recent study reported the compression rate was 106.6±17.5 cpm with the metronome sound at 100 times and 112.0±17.1 cpm without the metronome sound. 27 A lower mean compression rate was reported of 103.1 cpm with audiovisual feedback and 108.0 cpm without feedback, but the IQR was between 96 and 110 cpm with audiovisual feedback, and 99 and 117 cpm without feedback. 16 A previous study indicated that with audio feedback the compression rate could get closer to the rhythm at which the sound was set, indicating the possibility of being slightly lower or higher than the setting rhythm. From our study, 106(100-129) cpm with audio feedback was found but the rate accuracy was 59.2 (17.3-74.3)% with audio feedback and 17.1 (0-80.7)% without feedback (figure 2). Again, rate accuracy would automatically be calculated at 0% when participants compressed at below 100 cpm or above 120 cpm. Visual feedback clearly showed the targeted depth of 5-6 cm. For depth feedback, Real CPR Help followed the 2010 AHA guidelines for audio feedback, but visual feedback was given at 5-6 cm according to the 2015 AHA guidelines. Real CPR Help gives audio feedback, such as 'push harder', 'good compressions' and 'continue CPR'. Visual feedback could be immediately seen in the performance of compression depth, whereas audio feedback on rate was given throughout the entire 2 min. Only the metronome beep was set at 100 cpm and no visual feedback was given for rate feedback. Our study did not run statistical correlational procedures to identify whether or not the number of BLS courses attended related to performance in the studied population. A future study may focus on the relationship between CPR performance and experience in BLS courses.
CONCLUSION
The certification level did not affect CPR performance. As long as a participant had taken a BLS course before, the performance levels were similar. No difference was observed between the results to suggest dissimilarity of CPR performance levels between first responders and EMS personnel. The use of a feedback device during chest compression-only CPR resulted in delivering a higher quality of CPR suggesting feedback devices must be introduced into athletic training settings. Regardless of the presence of a feedback device, the chest compression depth became shallower in CPR with FSP, but the depth remained within the 2015 AHA guidelines, and, in fact, the CPR quality did not change with the presence of FSP. The chest compression rate was not affected by the presence of both the feedback device and FSP. In case of a manpower shortage, athletic trainers should immediately initiate chest compressions over the FSP at least for the first 2 min until bystanders and AEDs are ready.
